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ABSTRACT : PROBLEM TO BE SOLVED: To set a form of pilot injection optimal. 



SOLUTION: Fuel injection valves 20 respectively provided on a plural number of cylinders 
are connected to a common rail 21. At least one pilot injection for igniting source formation 
is carried out in advance of main injection in one combustion cycle. Cylinder temperature 
at the time of target ignition of fuel by the main injection when it is assumed that the pilot 
injection for ignition source formation is not carried out is predicted in accordance with an 
engine driving state. The form of the pilot injection for ignition source formation, that is, the 
number of pilot injection times for ignition source formation, fuel injection quantity and fuel 
injection time are set so that fuel by the main injection is Ignited at its target Igniting time in 
accordemce with the predicted cylinder temperature. 
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HW. THA, PM, VBtOWSLtLXftb^tbhtir 
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R0M3 2rttCfB«$ftTV»4o 

(0 0 3 01 m'xmmmm^u nyh mi<ot^mmtkt 

^HTAu I PT<o#m:tri*ica?r:Ri-t. :^<^mmm 
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Eg«>MrtSff«-?-fi!l«J^^I6fflKT I E J: IJ «)S<-r* 

ii«-*M^raTAU I PT»±^*||]^tcj: 10 
i5l), SKUD I FOHJgtt LT^i6ROM3 2rtlCfe 
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Ko*Lri(&«mi»ltl*IRITAU I PT*»:^i < ftio 

[0 0 3 11 t-^-e. «rt (XJi^^^^rt) t-istt^ 

^SrJ^^-rSo SK^D I F*»:^iv>t it 

ic<v»o iaSMD I F v^i: ijcjiaPi/ciSJg 

O h lftStOlg*S3»l«Stl^lWT A U I P T :fc 20 

g<ft-3Ti5iJ, i<0J:-?ft#g<^>j^#«rl|5lO^#i« 

^^.l^^^ii+^J^tS-^-C-iftv^Stt)***,*, -fi-e. 
SK^D I F#^*3c*f)ttfc|S3c1tD 0 J: ») i>X^^^ 

0 0*Ki|^i«Ma**^^ft < ft *0-C^$5it O+^ftS 
-g-i^Slfii? tt, m'XWf^^m^U uyV igilttc J: i^JH- 
I F*«^JtffiD 0 J: *) *)/J>?v^i: § \z\tmxmMWum^^ . 30 
>f ny HSIt*»l@yflt=fT*>iX'&o 

[0 0 3 21 iSXTsm^m^u u-jy itit*«2 ii^»tff 

i«*t<0j!^i(4iSltf^«i I T I P (1 ) . ITIP(2)** 

lEj/itjfT^^n-sfcticJi^ioiPi/caiJ^S; 

m^<^ o tx h i«ltO«Si^«tt^»! I T I P ( 1 ) ii^^ 

^*iAc^»i I G T iztt-r&mn&a^x^ < ft-s j: ^ 

«l«St«P«j I T I P ( i ) (i = 1, 2) **5E*^.*t 

-So BP*,, Ml*3aS**fiv»fc itcll^;AcziJgjSffl/N''f a 40 

itmMiTip (i) imn^-^^ztizx*). mx 

IP (i) l±^ffi3MrtSSTCEWMS:i: LT^J&RO 
M3 2rttC|£g?nTv>-So 
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LT iittttc J: hmmii'B.mzm^ l ft v^j&ft 

^■iSlta^i^ft < -r t &»ftil^«fe?:li-& i t it^X'^. 

±isit 0 ojsfl-iititss-ii'^ft < -r* ^c*tr»±± 

y M«t*S-=fToT-5-05^±ittt<0^3^iaitfl:S-^^ft<-t- 
-&:Srfei:d«#x.t>*v*o ^CT% iSSMD I F 36*^*6 Se 
*t,ti,,tl£3e<fiD 1 J: •} «./hSv>i: §tc»±^S-&^3g|R 

v^, D I F*»D 1 J: •) *>:*:iv^t gtcii^iS-g^J^Bfeffl 
n y *»Xl±ii!»l*«: 2 Islff "5 i: d L 

[0 0 3 41 ^fs^^^ms.m^<-( ^yv f^sano t , 
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t::^7-C# ftv»jg:*x*«ab-&o 

[0 0 3 51 -5-C:-C«M©|lffL*«^mL. «tH^I?L*« 

mmm^^-i a -y n«w*=ff d 1 mfztf^ 

«|gl:R#L**gS^ffiL 0 J: •? tSSv^t ilCJi^ii-g- 
^JgjSfflvf 'f n ^ HSI*«r«±1--S t^tJriiSMS: 2 il 
ff^ i^tCLTV^^o **ife.®«T-i±. «Sg|ftitLI±IS 
M^4P*STHW. ^■f-y-rUmffiVB. 5.tr«IKIlIIEI^ 
NOHSct LT^ie)**i)t>fLT*Jl). RDM3 2rt»Cie 

H«Mt. 2BI<o±i!a*ri:*»«l§3ftKfH::jESi:rg«e<i 
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0 i ») '{)fiv»fc i ^c^±^S■^^3^^ffl''^•'f n y M^it<0 
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T C E *«fi:v» t § g g #«i/C^»|I G T lc*ti- i jift » 
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< J: -5 izm^mSi^m I T P P ( i ) { i = 

1, 2) i^^tbhti^o ^<oi9»ci--i.t. =?m.^nm- 

i^T-i^o 'tis. z<r>mP^i^mf^miTPP (i) 
S!«frtia«TCEOM»i: UT^*R0M3 2P3JC|B1iS 
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PROBLEM TO BE SOLVED: To set a form of pilot 
injection optimal. 

SOLUTION: Fuel injection valves 20 respectively 
provided on a plural number of cylinders are 
connected to a common rail 21. At least one pilot 
injection for igniting source formation is carried out in 
advance of main injection in one combustion cycle. 
Cylinder temperature at the time of target ignition of 
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driving state. The form of the pilot injection for ignition 
source formation, that is, the number of pilot injection 
times for ignition source formation, fuel injection 
quantity and fuel injection time are set so that fuel by the main injection is ignited at its 
target igniting time in accordance with the predicted cylinder temperature. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the fuel injection equipment of the Diesel engine which was made to perform at least 
one pilot injection for ignition-source formation in 1 combustion cycle in advance of the main 
injection Whenever [ in the target ignition stage of the fuel by the main injection when assxmiing that 
pilot injection for ignition-source formation is not performed / cylinder internal temperature ] is 
predicted based on engine operational status. The fuel injection equipment of the Diesel engine 
which set up the gestalt of the pilot injection for ignition-source formation based on whenever 
[ cylinder this internal temperature / which was predicted ]. 

[Claim 2] The fuel injection equipment of the Diesel engine according to claim 1 with which the 
gestalt of said pilot injection for ignition-source formation is defined by at legist one chosen from 
from among the coimt of the pilot injection for ignition-soxirce formation, fuel oil consumption, and 
fuel injection timing. 

[Claim 3] The fuel injection equipment of the Diesel engine according to claim 1 which set up the 
gestalt of the pilot injection for ignition-source formation so that the fuel by the main injection might 
be lit at the target ignition stage. 

[Claim 4] The fuel injection equipment of the Diesel engine according to claim 1 which detects the 
angular velocity of the crankshaft at the time of the combustion of one front in an engine, and 
predicted whenever [ said cylinder internal temperature ] based on the this detected angular velocity. 
[Claim 5] The fuel injection equipment of the Diesel engine according to claim 1 which detects the 
combustion condition at the time of the combustion of one front in the same gas column, and 
predicted whenever [ said cylinder internal temperature ] based on the this detected combustion 
condition. 

[Claim 6] The fuel injection equipment of the Diesel engine according to claim 1 which set up the 
gestalt of the pilot injection for ignition-source formation based on the temperature which predicted 
the temperature of the fuel by the main injection in the target ignition stage of the fuel by the main 
injection when assuming that pilot injection for ignition-source formation is not performed which 
can be lit based on engine operational status, and was this predicted to be whenever [ said cylinder 
internal temperature / which was predicted ], and which can be lit. 

[Claim 7] The fuel injection equipment of the Diesel engine according to claim 1 which was made to 
set up the gestalt of prediction of whenever [ said cylinder intemal temperature ], and said pilot 
injection at the time of engine st2irting. 

[Claim 8] The fuel injection equipment of the Diesel engine according to claim 1 with which it was 
made only for the fuel oil consumption of premixed air pilot injection to decrease the fuel oil 
consumption of the main injection while being possible to perform at least one pilot injection for 
premixed air formation in advance of said pilot injection for ignition-source formation and setting up 
the gestalt of the pilot injection for premixed air formation based on whenever [ said cylinder 
intemal temperature / which was predicted ] in 1 combustion cycle. 

[Claim 9] The fuel injection equipment of the Diesel engine according to claim 1 which divides the 
main injection into multiple times and was made to perform it. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a Diesel engine's fuel injection equipment. 
[0002] 

[Description of the Prior Art] Conventionally, the fuel injection equipment of the Diesel engine 
which was made to perform pilot injection in 1 combustion cycle in advance of the main injection is 
known. Thus, if pilot injection is performed, the fuel by the main injection can light easily. 
Moreover, it is thought that it becomes still easier as the coxmt of pilot injection increases. 
[0003] It is necessary to conquer big friction on the other hand at the time of starting between the 
engine colds, and to complete an engine warm-up promptly, and since it is necessary to reduce 
unbumt [ which is discharged by the engine / HC ] as much as possible, it is necessary to carry out 
ignition combustion of the fuel by the main injection certainly. Then, while performing pilot 
injection at the time of starting between the engine colds, when whenever [ engine rotational 
frequency or engine cooling water temperature ] is low, the fuel injection equipment of the Diesel 
engine which set up many counts of pilot injection compared with the high time is well-known (refer 
to JP,6-129296,A). 
[0004] 

[Problem(s) to be Solved by the Invention] If whenever [ cylinder internal temperature ] is high even 
when for example, a place's engine rotational frequency is low, the fuel by the main injection can 
carry out ignition combustion comparatively easily. However, since it is conunon that the fuel oil 
consumption of the part main injection decreases if the count of pilot injection increases, when I hear 
that an engine rotational frequency is only low and the count of pilot injection is made [ many ] like 
an above-mentioned fuel injection equipment, there is a trouble that there is a possibility that 
sufficient engine output torque to conquer friction cannot be obtained. Moreover, since the fuel oil 
consumption and fiiel injection timing of each pilot injection are also set up based on the coimt of 
pilot injection, these fuel oil consumption and fuel injection timing can also not necessarily be said 
to be the optimal thing. 

[0005] Then, the purpose of this invention is to offer the fuel injection equipment of the Diesel 

engine which can set up the gestalt of pilot injection the optimal. 

[0006] 

[Means for Solving the Problem] In the fuel injection equipment of the Diesel engine which was 
made to perform at least one pilot injection for ignition-source formation in 1 combustion cycle in 
advance of the main injection according to the 1st invention in order to solve the above-mentioned 
technical problem Based on engine operational status, he predicts whenever [ in the target ignition 
stage of the fuel by the main injection when assuming that pilot injection for ignition- sovirce 
formation is not performed / cylinder internal temperature ], and is trying to set up the gestalt of the 
pilot injection for ignition-source formation based on whenever [ cylinder internal temperature / 
which was predicted ]. That is, in the 1 st invention, since whenever [ in the target ignition stage of 
the fuel by the main injection / cylinder internal temperature ] is predicted and the gestalt of the pilot 
injection for ignition-source formation is set up based on whenever [ this cylinder internal 
temperature / that was predicted ], this gestalt is set up the optimal becaxise of ignition of the fuel by 
the main injection. 
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[0007] Moreover, according to the 2nd invention, in the 1st invention, the gestalt of said pilot 
injection for ignition-source formation is defined by at least one chosen from from among the coimt 
of the pilot injection for ignition-source formation, fuel oil consumption, and fuel injection timing. 
That is, in the 2nd invention, at least one chosen fi"om from based on whenever [ said cylinder 
intemal temperature / which was predicted ] among the count of the pilot injection for ignition- 
sowce formation, fuel oil consumption, and fuel injection timing is set up. 
[0008] Moreover, he is trying according to the 3rd invention, to set up the gestalt of the pilot 
injection for ignition-source formation in the 1st invention, so that the fixel by the main injection may 
be lit at the target ignition stage. That is, by 3rd invention, the ignition stage of the fuel by the main 
injection is controlled by setup of the gestalt of the pilot injection for ignition-source formation. 
Moreover, in the 1 st invention, he detects the angular velocity of the crankshaft at the time of the 
combustion of one front in an engine, and is trying to predict whenever [ said cylinder intemd 
temperature ] based on the detected angular velocity according to the 4th invention. 
[0009] Moreover, in the 1st invention, he detects the combustion condition at the time of the 
combustion of one front in the same gas column, and is trying to predict whenever [ said cylinder 
intemal temperature ] based on the detected combustion condition according to the 5th invention. 
Namely, if combustion gets worse, unbumt [ which remains in a cylinder / HC ] will increase and 
residual unbumt [ this / HC ] will control the rise of whenever [ cylinder intemal temperature ] at the 
time of the next combustion. It depends for the amount of residual unbumt HC on the combustion 
condition at the time of the combustion of one front in the same gas column. Then, he is trying to 
predict whenever [ said cylinder intemal temperature ] in the 5th invention based on the combustion 
condition at the time of the combustion of one front in the same gas column. 

[0010] Moreover, he is trying to set up the gestalt of the pilot injection for ignition-source formation 
based on the temperature which predicted the temperature of the fuel by the main injection in the 
target ignition stage of the fuel by the main injection when assxmiing that pilot injection for ignition- 
source formation is not performed in the 1st invention which can be lit based on engine operational 
status according to the 6th invention, and was predicted to be whenever [ said cylinder intemal 
temperature / which was predicted ] and which can be lit. Namely, it cannot judge whether the 
injected fuel is lit only by only whenever [ cylinder intemal temperature ], but it can judge it only 
after it measures whenever [ cylinder intemal temperature ] and the temperature which can be lit. 
Then, he is trying to set up the gestalt of the pilot injection for ignition-source formation in the 6th 
invention based on the temperature which was predicted to be whenever [ said cylinder intemal 
temperature / which was predicted ] and which can be lit. 

[001 1] Moreover, according to the 7th invention, in the 1st invention, it is made to set up the gestalt 
of prediction of whenever [ said cylinder intemal temperature ], and said pilot injection at the time of 
engine starting. Moreover, while being possible to perform at least one pilot injection for premixed 
air formation in advance of said pilot injection for ignition-source formation and setting up the 
gestalt of the pilot injection for premixed air formation in the 1st invention based on whenever [ said 
cylinder intemal temperature / which was predicted ] in 1 combustion cycle according to the 8th 
invention, he is trying only for the fuel oil consumption of premixed air pilot injection to decrease 
the fuel oil consumption of the main injection. That is, in the 8th invention, since the fuel oil 
consumption of the main injection decreases only in the fuel oil consumption of premixed air pilot 
injection, ignition combustion of the fiiel by the main injection is made easy, and the gestalt of the 
pilot injection for premixed air formation is set up based on whenever [ said cylinder intemal 
temperature / which was predicted ] at this time. 

[0012] Moreover, according to the 9th invention, in the 1st invention, the main injection is divided 
into multiple times and it is made to perform it. That is, in the 9th invention, since the fuel oil 
consumption per main injection decreases, ignition combustion of the fuel by the main injection is 
made easy. 
[0013] 

[Embodiment of the Invention] If drawing 1 is referred to, the engine body 1 possesses four gas 
column #1, #2, #3, and #4. Each gas column is connected to the common sxirge tank 3 through the 
corresponding inhalation-of-air branch pipe 2, respectively, and a surge tank 3 is connected to the 
outlet section of compressor 6c of a supercharger 6, for example, an exhaust air turbocharger. 
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through an air intake duct 4 and an intercooler 5. The inlet-port section of compressor 6c is 
connected to an air cleaner 8 through the air suction tube 7. In a surge tank 3 and the air intake duct 4 
between intercoolers 5, the throttle valve 10 driven with an actuator 9 is arranged. In addition, 
adjustable nozzle device 6v which can change the opening area is attached in the exhaust air input of 
6t of exhaust gas turbines. If exhaust air input area of 6t of exhaust gas turbines is made small by 
adjustable nozzle device 6v, charge pressure can be raised also at the time of engine low rotation 
operation with low exhaust gas pressure. 

[0014] On the other hand, each gas column is connected to the inlet-port section of 6t of exhaust gas 
turbines of the exhaust air turbocharger 6 through an exhaust manifold 1 1 and an exhaust pipe 12, 
the outlet section of 6t of exhaust gas turbines minds an exhaust pipe 13, and it is NOX. It connects 
wifli the casing 15 which held the reduction catalyst 14, and flie exhaust air throttle valve 1 8 driven 
with an actuator 17 is arranged in the exhaust pipe 13 by which casing 1 5 is connected to an exhaust 
pipe 16. NOX A reduction catalyst 14 possesses the zeoUte which supported copper. This NOX A 
reduction catalyst 14 is NOX also at an oxidizing atmosphere, if HC and a reducing agent like CO 
are contained during the flowing exhaust air. It can retum. In addition, an engine's 1 combustion 
sequence is #l-#3-#4-#2. 

[0015] Each gas column possesses the fuel injection valve 20 which injects a fuel directly into a 
cylinder. Discharge quantity is connected to the controllable fuel pump 22 through the accumulator 
for fuels or a common rail 21 with each common fuel injection valve 20. The fuel pump 22 is 
connected to the fuel tank (not shown) through the low voltage pump (not shown), and the fuel 
breathed out from the fuel pump 22 is supplied to a common rail 21, and, subsequently to each fuel 
injection valve 20, is supplied. Discharge quantity is controlled so that a fuel pump 22 becomes the 
target fuel pressure as which the fuel pressure in a common rail 21 was determined beforehand. In 
addition, this target fuel pressure can be defined for example, according to engine operational status. 
[0016] If drawing 1 is furthermore referred to, an exhaust manifold 1 1 and the air intake duct 4 of 
throttle-valve 10 lower stream of a river will be mutually connected through the exhaust-gas- 
recirculation (Following EGR is called) path 23, and the EGR control valve 25 driven with an 
actuator 24 will be arranged in the EGR path 23. An electronic control imit (ECU) 30 consists of a 
digital computer, and ROM (read-only memory)32, RAM (random access memory)33 and CPU 
(microprocessor)34 which were mutually connected through the bidirectional bus 31, B-RAM 
(backup RAM)35 always connected to the power source, input port 36, and an output port 37 are 
provided. The coolant temperature sensor 38 which generates the output voltage proportional to 
engine cooling water temperature is attached in the engine body 1. In the air intake duct 4 of throttle- 
valve 10 lower stream of a river, the MAP sensor 39 which generates the output voltage proportional 
to MAP PM, and the intake temperature sensor 40 which generates the output voltage proportional to 
the inhalation air temperature THA in an air intake duct 4 are arranged. The voltage sensor 41 which 
generates the output voltage proportional to the electrical potential difference VB of the dc-battery 
(not shown) which drives a starter motor (not shown) is attached in a dc-battery. The fuel pressure 
sensor 42 which generates the output voltage proportional to the fuel pressure in a common rail 21 is 
attached in a common rail 2 1 . The output voltage of these sensors 38, 39, 40, 41 , and 42 is inputted 
into input port 36 through corresponding A-D converter 44, respectively. Moreover, the switch 
sensor 47 which generates the output pulse showing a starter motor switch (not shown) being ON is 
connected to input port 36. Furthermore, whenever 30 degrees rotates, the crank angle sensor 45 
which generates an output pulse is connected to input port 36 for a crankshaft. In CPU34, based on 
the output pulse of the crank angle sensor 45, the angular velocity of a crankshaft and the engine 
rotational frequency N are computed, and the inhalation air content Ga is computed based on the 
output voltage of the MAP sensor 39. 

[0017] On the other hand, an output port 37 is connected to adjustable nozzle device 6v, each 
actuators 9, 17, and 24, each fuel injection valve 20, and a fuel pump 22 through the drive circuit 46 
which corresponds, respectively, respectively. By the way, if a conmion rail 21 is formed, it will 
become possible to carry out multiple- times injection of the fuel into 1 combustion cycle of each gas 
column. So, apart from the main injection performed in general by the circiimference of a 
compression top dead center, time spacing is separated from the main injection to a tooth-lead-angle 
side, and it is made to perform pilot injection in this embodiment in order to generate an engine 
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output torque. 

[0018] Pilot injection injects a little fuel in advance of the main injection. This pilot injection is 
performed by the compression stroke before the main injection, i.e., 70 in front of compression top 
dead center (Following BTDC is called) to 0-degree crank angle (Following CA is called) extent, 
when time spacing to the main injection is large, premixed air is formed, and when small, the 
ignition source for carrying out ignition combustion of the fuel by the main injection is formed. 
Moreover, it is also possible to perform pilot injection of multiple times, therefore both pilot 
injection for premixed air formation and pilot injection for ignition-source formation can also be 
performed, and pilot injection for premixed air formation and pilot injection for ignition-source 
formation can also be performed two or more times, respectively. At the time of combustion, the fuel 
by the pilot injection for ignition-source formation is lit first here, subsequently the fuel by the main 
injection is lit by making this into an ignition source, and the fuel by the pilot injection for premixed 
air formation bxims with the combustion flame by the main injection. The pilot injection for ignition- 
source formation and the pilot injection for premixed air formation completely differ in the property 
not only in fuel injection timing but in this semantics. 

[0019] Furthermore, it is also possible to divide the main injection into multiple times and to perform 
it. That is, when the main injection is divided into 2 times, for example, by one half of the amount of 
total fuel which should be injected by the main injection is injected in each main injection. If it does 
in this way, the fuel oil consumption per main injection can be reduced. The gestalt of the fuel- 
injection operation in 1 combustion cycle, i.e., the count of each fuel injection, fuel injection 
duration, and the example of fuel-injection-timing ** are roughly shown in drawing 2 in tiie form of 
the valve-opening period of a fuel injection valve 20. In the example shown in drawing 2 (A), the 
main injection is performed only once, pilot injection for (M) ignition-sovirce formation is performed 
only once, and pilot injection for (IP) premixed air formation is not performed. In the example 
shown in drawing 2 (B), the main injection is performed only once, pilot injection for (M) ignition- 
source formation is performed only once, and pilot injection for (IP) premixed air formation is 
performed only once (PP). In the example shown in drawing 2 (C), the main injection is performed 
only twice (Ml, M2), pilot injection for ignition-source formation is performed only once, and pilot 
injection for (IP) premixed air formation is not performed. In addition, in this embodiment, the main 
injection, the pilot injection for ignition-source formation, and the pilot injection for premixed air 
formation will call twice a line crack and the thing performed previously the 1st fuel injection at the 
maximum in 1 combustion cycle, respectively, and what is performed behind will be called the 2nd 
fuel injection. 

[0020] Next, the decision approach of the fuel-injection gestalt at the time of engine starting is 
explained. If the sum total of the fuel injection duration of the 1st and 2nd main injection is 
expressed with the total fuel injection duration TAUMT, in this embodiment, the total fiiel injection 
duration TAUMT of the main injection at the time of engine starting will be computed by the degree 
type. 

TAUMT==TAUT-(TAUIPT+TAUPPT) 

The total fiiel injection duration and TAUIPT express the total fuel injection duration of the pilot 
injection for ignition-source formation, and, as for TAUPPT, TAUT expresses the total fuel injection 
duration of the pilot injection for premixed air formation here, respectively. The total fuel injection 
duration TAUT is the fuel injection duration showing the total fiiel quantity which should be injected 
in the optimal 1 combustion cycle for engine starting, and is beforehand found by experiment. This 
total fuel injection duration TAUT is beforehand memorized in ROM32 as a function of THW and 
the engine rotational frequency N for example, whenever [ engine cooling water temperature ]. 
[0021] The fuel injection duration TAUM (1) and TAUM of the 1st and 2nd main injection when 
moreover performing the main injection only once (2) is computed by the degree type. 
TAUM(l) =TAUMT It is computed by the degree type when TAUM(2) =0 one side and the main 
injection should be performed only twice. 

The 1st when performing pilot injection for ignition- source formation only once and the fuel 
injection duration TAUIP (1) and TAUIP of the 2nd pilot injection for ignition-source formation (2) 
are computed by the degree type like TAUM(l) =TAUM(2) =TAUMT/2. 

[0022] TAUIP(l) =TAUIPT It is computed by the degree type when pilot injection for TAUIP(2) =0 
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ignition-source formation should be performed only twice. 

The 1st when performing TAUIP(l) =TAUIP(2) =TAUIPT/2 and pilot injection for premixed mr 
formation only once and the fuel injection duration TAUPP (1) and TAUPP of the 2nd pilot injection 
for premixed air formation (2) are computed by the degree type. 

[0023] TAUPP(l) =TAUPPT It is computed by the degree type when pilot injection for TAUPP(2) 
=0 ignition-source formation should be performed only twice. 

TAUPP (1) It is as follows when [ at which =TAUPP(2) =TAUPPT / pilot injection for 2 ignition- 
source formation should be performed ] not coming out, 

[0024] The calculation approach of the total fiiel injection dxiration TAUIPT the pilot injection for 
ignition-source formation is explained to TAUPP(l) =TAUPP(2) = zero-order. After the main 
injection is started, if an ignition-delay period until the fuel by the main injection is lit becomes long, 
the amount of unbumt HC will increase, as a result, a lot of amovmts of unbumt HC are discharged 
from an engine, and unbumt [ a lot of / HC ] remeiins in a cylinder. Moreover, it not only cannot 
complete an engine warm-up promptly, but vibration and the noise become large. So, in this 
embodiment, the target ignition stage IGT of the fuel by the main injection was set up, and the fuel- 
injection gestalt is set up so that the fuel by the main injection may be lit at the target ignition stage 
IGT. 

[0025] If it explains in detail, whenever [ cylinder intemal temperature ] goes up as a crank angle 
approaches a compression top dead center, pilot injection for ignition-source formation will not be 
performed, or TC will go up whenever [ cylinder intemal temperature / when assuming that the fuel 
by the pilot injection for ignition-source formation does not carry out ignition combustion ], as 
shown by the broken line of drawing 3 . In this target ignition stage IGT, if TC is [ whenever / 
cylinder intemal temperature ] lower than the temperature TI of the fuel by the main injection which 
can be lit, the fuel by the main injection will not be lit, and even if it lights, it does not fully bxim. 
Especially this condition may happen at the time of starting between the engine colds. 
[0026] On the other hand, if the fuel by the pilot injection for ignition-source formation carries out 
ignition combustion, as shown by the continuous line of drawing 3 , TC goes up whenever [ cylinder 
intemal temperature ], as a result in the target ignition stage IGT, TC can be made higher than the 
temperature TI which can be lit whenever [ cylinder intemal temperature ], therefore the fuel by the 
main injection can be lit, and it can be made to fully bum. So, in this embodiment, while performing 
pilot injection for ignition-source formation once [ at least ] in 1 combustion cycle, the gestalt of the 
pilot injection for ignition-source formation is set up so that TC may become higher than the 
temperature TI which can be lit whenever [ cylinder intemal temperature ] in the target ignition stage 
IGT. 

[0027] The target ignition stage IGT of the fuel by the main injection can be set up based on engine 
operational status like the fuel injection timing of the engine rotational frequency N and the main 
injection. However, in this embodiment, in order to simplify explanation, the target ignition stage 
IGT is fixed. When whenever [ in this target ignition stage IGT / cylinder intemal temperature ], and 
the temperature of the fuel by the main injection which can be lit should determine the gestalt of 
each fuel injection, naturally it caimot be known, but it must be predicted. However, whenever 
[ cylinder intemal temperature / of a No. 1 gas colunm ], whenever [ in the target ignition stage IGT / 
cylinder intemal temperature ] becomes high as it becomes high at the time VCAMO of the 
combustion of one front in an engine, i.e., the angular velocity of a crankshaft at the time of 
combustion of a No. 2 gas column. Moreover, it depends for whenever [ in the target ignition stage 
IGT / cylinder intemal temperature ] also on for example, the engine cooling water temperature 
THW, an intake-air temperature THA, MAP PM, and battery voltage VB. Then, he is trying to 
predict TCE based on these [ VCAMO THW, THA, PM, and VB ] whenever [ in the target ignition 
stage IGT / cylinder intemal temperature ]. In addition, whenever [ this prediction cylinder intemal 
temperature ], TCE is beforehand calculated as a function of VCAMO, THW, THA, PM, and VB, 
and is memorized in ROM32. Moreover, TCE can also be calculated whenever [ prediction cylinder 
intemal temperature / of the gas column in which combustion is performed next based on the 
crankshaft angular velocity which the circumference of the compression top dead center of the gas 
column in which combustion is performed, or an explosion line can set more by the way before 
one ]. 
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[0028] Since whenever [ in the target ignition stage IGT / cylinder internal temperature ] goes up 
whenever combustion is performed at the time of en^ne starting, if TCE is calculated whenever 
[ prediction cylinder internal temperature ] based on the angular velocity of the crankshaft at the time 
of the combustion of one front in an engine, whenever [ cylinder intemal temperature ] can be 
predicted correctly. However, if xmbumt [ HC ] remains in a cylinder, since residual xmbumt [ this / 
HC ] will evaporate at the time of the following compression stroke, whenever [ cylinder intemal 
temperature ] falls [ that part ]. Depending on the amount of residual imbumt HC, it can be depended 
for a fallen part of whenever [ this cylinder intemal temperature ] on the combustion condition at the 
time of the combustion of one front in the same gas column, and the amount of residual \mb\imt HC 
can express a combustion condition with the rate of change of the engine rotational frequency N and 
the form of crankshaft angular velocity at the time of combustion. Then, he detects the rate of change 
and crankshaft angular velocity of the engine rotational frequency N at the time of the combustion of 
one front in the same gas column, and is trying to amend TCE whenever [ above-mentioned 
prediction cylinder intemal temperature ] based on the rate of change and crankshaft angular velocity 
of these engines rotational frequency N. 

[0029] On the other hand, it depends on cylinder intemal pressure for the temperature of a fiiel which 
can be lit. Then, he predicts the cylinder intemal pressure PCE in the target ignition stage IGT first, 
and is trying to predict the temperature TIE in the target ignition stage IGT which can be lit based on 
this prediction cylinder intemal pressure PCE. Here, the prediction cylinder intemal pressure PCE is 
beforehand called for as a fimction of VCAMO, THW, THA, PM, and VB like TCE whenever 
[ prediction cylinder intemal temperature / which was mentioned above ], and is memorized in 
ROM32. Moreover, the temperature TIE which can be prediction Ht is also beforehand memorized in 
ROM32 as a fimction of the prediction cylinder intemal pressure PCE. 

[0030] When the talk is retumed to the calculation approach of the total fiiel injection duration 
TAUIPT the pilot injection for ignition-source formation, this total fuel injection duration TAUIPT 
is fiiel injection duration required to acquire the temperature rise which makes whenever [ actual 
cylinder intemal temperature ] higher than the temperature TIE which can be prediction lit in the 
target ignition stage IGT. This total fixel injection duration TAUIPT is beforehand foxmd by 
experiment, and is beforehand memorized in ROM32 as a fimction of a temperature gradient DIP. 
Specifically, the total fiiel injection duration TAUIPT becomes large as a temperature gradient DIP 
becomes large. 

[0031] By the way, it mixes with air, diffusing the inside of a cylinder, and the fiiel injected in the 
cylinder (or combustion chamber) forms a combustible gas mixture. However, when a temperature 
gradient DIP is large, the engine rotational fi-equency N is low in many cases, and since air flow 
strong in a cylinder does not exist at this time, mixing of a fuel and air is hard to be promoted. 
Moreover, when a temperature gradient DIP is large, the total fiiel injection duration TAUIPT of the 
pilot injection for ignition-source formation is large and such a lot of fiiels are injected in one fiiel- 
injection operation, there is a possibility that all these fuels of a lot of cannot fiilly be mixed with air 
to the inside of a short time. So, when a temperature gradient DIP is larger than the set point DO 
defined beforehand, it is made to perform pilot injection for ignition-source formation twice. 
Consequently, since the fuel oil consumption per pilot injection for ignition-source formation 
decreases, sufficient mixing with air is secured, and ignition combustion of the fuel by the pilot 
injection for ignition-source formation can be carried out certainly. In addition, when a temperature 
gradient DIP is smaller than the set point DO, pilot injection for ignition-source formation is 
performed only once. 

[0032] When pilot injection for ignition-source formation is performed only twice, the fuel injection 
timing ITIP (1) and ITIP of the 1st and 2nd pilot injections for ignition-source formation (2) is set 
up, and when carried out only once, the fuel injection timing ITIP of the 1st pilot injection for 
ignition-source formation (1) is set up. In this case, fiiel-injection-timing ITIP(i) (i=l and 2) is set 
that the amount [ as opposed to the target ignition stage IGT in the time when TCE is lower ] of 
tooth lead angles becomes large whenever [ prediction cylinder intemal temperature ]. That is, when 
whenever [ cylinder intemal temperature ] is low, it is hard to carry out ignition combustion of the 
fiiel by the pilot injection for ignition-soxirce formation. Then, mixing with the fiiel and air by the 
pilot injection for ignition-source formation is made to be promoted by carrying out the tooth lead 
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angle of the fuel injection timing ITIP (i). In addition, this fuel injection timing ITIP (i) is 
beforehand memorized in ROM32 as a fenction of TCE whenever [ prediction cylinder internal 
temperature]. 

[0033] Thus, the gestalt of the pilot injection for ignition-source formation, i.e., fuel injection 
duration, a count, and fuel injection timing are determined. By the way, when the above-mentioned 
temperature gradient DIP is comparatively large, there is a possibility that the fuel by the main 
injection may not bum the gestalt of the pilot injection for ignition-source formation good even if the 
optimal. How to perform the main injection in 2 steps in order to be able to obtain good combustion 
and to, lessen fuel oil consumption per main injection on the other hand, if fuel oil consumption per 
fuel injection is lessened as mentioned above, and the approach of performing pilot injection for 
premixed air formation, and lessening fuel oil consiimption of the part main injection can be 
considered. Then, when DIP is larger than Dl, pilot injection for premixed air formation is 
performed, or it is made to perform the main injection only once, while forbidding the pilot injection 
for premixed air formation, when a temperature gradient DIP is smaller than the set point Dl defined 
beforehand, and to perform the main injection twice. 

[0034] If pilot injection for premixed air formation is performed, by the time it carries out ignition 
combustion, it can mix with the air in a cylinder enough, therefore the fuel injected at this time can 
reduce unbumt [ HC ]. However, when the fuel oil consumption of the pilot injection for premixed 
air formation increases, therefore the fuel oil consumption of the main injection decreeises, there is a 
possibility that an engine output may decline and engine starting cannot be completed promptly. 
[0035] Then, the engine load L is detected, when the engine load L is lower than the set point LO 
defined beforehand, while performing pilot injection for premixed air formation, the main injection 
is performed only once, and when higher than the set point LO, while the engine load L forbids the 
pilot injection for premixed air formation, it is made to perform the main injection twice. In this 
embodiment, the engine load L is beforehand called for as the engine cooling water temperature 
THW, battery voltage VB, and a function of the engine rotational frequency N, and is memorized in 
ROM32. In other words, the pilot injection for premixed air formation and 2 times of main injection 
are altematively performed according to the engine load L. 

[0036] That is, when a temperature gradient DIP is smaller than the set point Dl, DIP is larger than 
Dl, and when higher than tiie set point LO, the total fuel injection duration TAUPPT of the pilot 
injection for premixed air formation is made into zero for tiie engine load L. On the other hand, DIP 
is larger than Dl , and when lower than LO, the total fiiel injection duration TAUPPT of the pilot 
injection for premixed air formation is computed for L based on a temperature gradient DIP. Since 
the fuel according to the main injection in the time when a temperature gradient DIP is larger cannot 
bum easily, specifically, the total fuel injection duration TAUPPT becomes large as a temperature 
gradient DIP becomes large. This total fuel injection duration TAUPPT is beforehand found by 
experiment, and is beforehand memorized in ROM32 as a function of a temperature gradient DIP. 
[0037] In this case, the count and fuel injection timing of the pilot injection for premixed air 
formation are similarly determined as the case of the pilot injection for ignition-source formation. 
That is, when a temperature gradient DIP is larger than the set point D2 defined beforehand, and a 2 
times line crack and DIP have the pilot injection for premixed air formation smaller than D2, it is 
carried out only once. Moreover, fliel-injection- timing ITPP(i) (i=l and 2) is set that the amount [ as 
opposed to the target ignition stage IGT in the time when TCE is lower ] of tooth lead angles 
becomes large whenever [ prediction cylinder internal temperature ]. If it does in this way, the fuel 
by the pilot injection for premixed air formation can be bumed good. In addition, this fuel injection 
timing ITPP (i) is beforehand memorized in ROM32 as a function of TCE whenever [ prediction 
cylinder internal temperature ]. Moreover, fuel injection timing ITPP (i) is set as the fuel by the pilot 
injection for premixed air formation not being lit ahead of the fuel by the pilot injection for ignition- 
source formation. 

[0038] Time amount when performing the main injection twice, after, starting time amount required 
for fuel injection, i.e., the 1st main injection, on the other hand xmtil the 2nd main injection is 
completed becomes longer than the time of performing the main injection only once. Por this reason, 
there is a possibility that the fuel injected in the last stage of the 2nd main injection may bum like the 
so-called afterburning. So, when performing the main injection twice, compared with the time of 
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carrying out only once, it is made to carry out tooth-lead-angle amendment of the fuel injection 
timing ITM of the 1st main injection (1). In addition, tiie fuel injection timing of the 2nd main 
injection separates fixed time spacing from the 1st main injection, and is set. 

[0039] 6 shows the decision routine of the fuel-injection gestalt in this embodiment from drawing 4 . 
This routine is performed by interruption for whenever [ crank angle / which was defined 
beforehand / every ]. If 6 is referred to from drawing 4 , at step 100, it will be distinguished first 
whether a starter motor switch is ON. When a starter motor switch is OFF, a processing cycle is 
ended, and when a starter motor switch is ON, subsequently to step 101, it progresses. At step 101, it 
is distinguished whether the engine rotational frequency N is lower than the set point Nl (for 
example, 300rpm). A processing cycle is ended at the time of N>=N1, and, subsequently to step 102, 
it progresses at the time of N<N1 . That is, in this embodiment, it is judged that a starter motor switch 
is ON, and it is at the engine starting time when it is N<N1 . The total fuel injection duration TAUT 
is computed at step 102, and TCE is computed whoever [ prediction cylinder intemal temperature ] 
at continuing step 103. At continuing step 104, TCE is amended whenever [ prediction cylinder 
intemal temperature ]. The prediction cylinder intemal pressure PCE is computed at continuing step 
105. The temperature TIE which can be prediction lit is computed at continuing step 106, and a 
temperature gradient DIF is computed at continuing step 107 (DIF=TIE-TCE), 
[0040] At continuing step 108, the total fuel injection duration TAUIPT of the pilot injection for 
ignition-source formation is computed. At continuing step 109, it is distinguished whether a 
temperature gradient DIF is larger than the set point DO. Subsequently to step 1 10 at the time of 
DIF>DO, it progresses, and fuel injection duration TAUIP (1) and TAUIP of the 1st and 2nd pilot 
injections for ignition- source formation (2) is set to TAUIPT/2, respectively. That is, pilot injection 
for ignition-source formation is performed only twice. At continuing step 111, the fuel injection 
timing ITIP (1) and ITIP of the 1st and 2nd pilot injections for ignition-source formation (2) is 
computed, respectively. Subsequently, it progresses to step 114. On the other hand, subsequently to 
step 1 12 at the time of DIF<=DO, it progresses, and TAUIP (1) is set to TAUIPT, and let TAUIP (2) 
be zero. That is, pilot injection for ignition-soxirce formation is performed only once. At continuing 
step 113, the fuel injection timing ITIP of the 1st pilot injection for ignition-source formation (1) is 
computed. Subsequently, it progresses to step 1 14. 

[0041] At step 1 14, it is distinguished whether a temperature gradient DIF is smaller than the set 
point Dl. Subsequently to step 1 15 at the time of DIF<D1, it progresses, and the total fuel injection 
duration TAUPPT of the pilot injection for premixed air formation is made into zero. No pilot 
injection for premixed air formation is performed. Subsequently, it progresses to step 124. On the 
other hand, subsequently to step 1 16 at the time of DIF>=D1, it progresses, and the engine load L is 
computed. At continuing step 117, it is distinguished whether the engine load L is smaller than the 
set point LO. Subsequently to step 1 18 at the time of L<LO, it progresses, and TAUPPT is computed. 
At continuing step 1 19, it is distinguished whether a temperature gradient DIF is larger than the set 
point D2. Subsequently to step 120 at the time of DIF>D2, it progresses, and fuel injection duration 
TAUPP (1) and TAUPP of the 1 st and 2nd pilot injections for premixed air formation (2) is set to 
TAUPPT/2, respectively. That is, pilot injection for premixed air formation is performed only twice. 
At continuing step 121, the fuel injection timing ITPP (1) and ITPP of the 1st and 2nd pilot 
injections for premixed air formation (2) is computed, respectively. Subsequently, it progresses to 
step 124. 

[0042] On the other hand, subsequently to step 122 in step 1 19, it progresses at the time of 
DIF<=D2, and TAUPP (1) is set to TAUPPT, and let TAUPP (2) be zero. That is, pilot injection for 
premixed air formation is performed only once. At continuing step 123, the fuel injection timing 
ITPP of the 1st pilot injection for premixed air formation (1) is computed. Subsequently, it 
progresses to step 124. 

[0043] At step 124, the total fuel injection duration TAUMT of the main injection is computed 
(TAUMT=TAUT- (TAUIPT+TAUPPT)). At continuing step 125, fuel injection duration TAUM of 
the 1st main injection (1) is set to TAUMT, and let fuel injection duration TAUM of the 2nd main 
injection (2) be zero. That is, the main injection is performed only once. Subsequently, a processing 
cycle is ended. 

[0044] On the other hand, subsequently to step 126 in step 1 17, it progresses at the time of L>=L0, 
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and let TAUPPT be zero. That is, no pilot injection for premixed air formation is performed. At 
continuing step 127, the total fixel injection duration TAUMT of tiie main injection is computed, and 
fuel injection duration TAUM (1) and TAUM of the 1st and 2nd main injection (2) is set to 
TAUMT/2 at continuing step 128, respectively. That is, the main injection is performed only twice. 
At continuing step 129, the fuel injection timing ITM of the 1st main injection (1) is amended. 
Subsequently, a processing cycle is ended. 
[0045] 

[Effect of the Invention] The gestalt of pilot injection can be set up the optimal. 
[Translation done.] 
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* NOTICES * 

JPO and NCIPX are not responsible for any 
daxnages caused by the use of tbis truslation. 

1 .This dociiment has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1 ] It is an intemal combustion engine's general drawing. 

[Drawing 2] It is drawing for explaining the gestalt of the fuel injection performed in 1 combustion 
cycle. 

[Drawing 3] It is the outline diagram showing the relation between whenever [ cylinder intemal 
temperature ], and the temperature which can be lit. 

[Drawing 4] It is the flow chart which shows the decision routine of a fuel-injection gestalt. 
[Drawing 5] It is the flow chart which shows the decision routine of a fuel-injection gestalt. 
[Drawing 6] It is the flow chart which shows the decision routine of a fuel-injection gestalt. 
[Description of Notations] 
1 — Engine body 

20 — Fuel injection valve 

21 ~ Common rail 



[Translation done.] 
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